Background. Within the Seven Countnes Study data we investigated whether population differences in 25-year mortality rates from coronary heart disease could be explained by population differences in alcohol, fish, fibre and antioxidant intake. Methods Baseline surveys were carried out between 1958 and 1964, on 12 763 middle-aged men constituting 16 cohorts in seven countries. In 1987 and 1988 equivalent food composites representing the average food intake of each cohort at baseline were collected locally and analysed for their fibre and antioxidant content in one central laboratory. The vital status of all participants was verified at regular intervals over 25 years.
Recent reports of the Seven Countries Studies showed that population differences in long-term coronary heart disease mortality (CHD) can largely be explained by differences in saturated fatty acids and flavonoids intake and cigarette smoking. 12 Other cross-cultural studies suggest that the average population intake of alcohol, fish, fibre and antioxidant vitamins is also associated with CHD mortality rates. 3 " 6 To get a fuller perspective on diet, alcohol and smoking in population differences in CHD the associations are investigated between population intakes of alcohol, fish, fibre and antioxidant vitamins in relation to 25-year mortality rates from CHD. Results are discussed in the light of knowledge on the role of diet, alcohol and smoking in the development of athero-thxombotic complications.
METHODS
Between 1958 and 1964, 12 763 men aged 40-59 were enrolled in the Seven Countries Study. In these countries 16 cohorts were established, 11 in rural areas in Finland, Italy, Greece, the former Yugoslavia and Japan, two cohorts of railroad employees in the USA and Italy, one of workers in a large cooperative in Serbia, one of university professors in Belgrade and one of inhabitants of a small commercial market town in the Netherlands. The characteristics of these cohorts have been described in detail. 7 " 9 Information on smoking was collected by questionnaire and the percentage of cigarette smokers per cohort was calculated. Between 1959 and 1964 dietary information was collected in small random samples of 14 of the 16 cohorts. 10 In the other two cohorts dietary information was gathered around 1970. The weighed record method was used in all dietary surveys. In 1985 and 1986 the original dietary data of all these cohorts were coded by one dietitian in a standardized way. The average intake of different foods consumed in the 16 cohorts was calculated and summarized in 16 food groups including fish and alcoholic beverages. In 1987, equivalent food composites representing the average food intake of each cohort at baseline were collected from local markets by two dietitians. These foods were transported in cooling boxes to the laboratory of the Department of Human Nutrition, Agricultural University, Wageningen, The Netherlands (Head: M B Katan). The foods were cleaned and equivalent food composites prepared according to the average consumption patterns of the cohorts. Oxalic acid was added to the equivalent food composites in order to preserve the vitamin C content. The foods were homogenized and frozen at -20°C until chemical analyses of the different nutrients took place.
In 1987 and 1988, total lipids were isolated according to Osborne and Voogt 1 ' and fatty acids were determined by gas chromatography.
12 Dietary cholesterol was determined by the method of Jonker etal n The total flavonoid content was quantified by high-performance liquid chromatography as the sum of quercetin, kaempferol, myricetin, luteolin and apigenin.
14 Alcohol was determined by the method of Boehringer-Mannheim. 15 Total dietary fibre was determined with an enzymaticgravimetric method.
16 B-carotene was determined by high-performance liquid chromatography and spectrophotometry, 17 vitamin C by a fluorimetric method, 18 and vitamin E by high-performance liquid chromatography with spectrofluorescence detection."
The vital status of all men was checked roughly every 5 years. Over 25 years 5973 men (47%) died. Only 56 men (0.4%) were lost to follow-up. The underlying cause of death of the men who died was established centrally by Blackburn and Menotti during the first 10 years of follow-up and after 10 years of follow-up by Menotti. The causes of death were coded using the 8th revision of the International Classification of Diseases (ICD). Mortality from CHD was defined as ICD 410-414. Age-adjusted mortality rates were calculated using the age distribution of all participants in the Seven Countries Study as a standard.
The dietary intake variables represent the average for each cohort. The intake of alcohol and fish was skewed to the right and therefore the logarithm was used. Adjustment for energy intake was not made, because, at the population level, energy intake is not associated with CHD mortality. Analyses concern only inter-cohort comparisons. Because of the limited degrees of freedom, the multiple regression models never included more than four independent variables. Only two-sided /"-values are reported.
RESULTS
The population average absolute alcohol intake varied between 2 g/day in Finland and 91 g/day in Dalmatia (Croatia) ( Table 1) . Also a large variation was observed in fish consumption. No fish was consumed in Velika Krsna (Serbia) but the men in the fishermen's village of Ushibuka (Japan) consumed 207 g/day. A threefold FIGURE 1 Relation between alcohol (100%) intake at baseline and 25-year mortality from coronary heart disease difference in fibre intake was noted. Men in Ushibuka (Japan) consumed 21 g/day compared with 57 g/day among their counterparts in Corfu (Greece). The intake of p-carotene and vitamin C was very low in Velika Krsna (Serbia). The highest p-carotene and vitamin C intake was found in Dalmatia (Croatia) and the USA rail workers respectively. Intake of vitamin E was highest in the cohorts with a high intake of olive oil (e.g. Crete and Corfu, Greece) and was low in the Japanese cohorts (Ushibuka and Tanushimaru). Population average alcohol intake was significantly and inversely related to 25-year mortality rates from CHD ( Figure 1 ). After multivariate analyses, including saturated fatty acids and flavonoid intake and the prevalence of smoking, alcohol was no longer statistically significantly associated with long-term CHD mortality (Table 2 ). This was due to a significant inverse relation between saturated fatty acids and alcohol intake (Table 3) . Fish consumption was significantly inversely related with 25-year CHD mortality (Figure 2 ), but this association also became non-significant after adjustment for saturated fatty acids and flavonoid intake and the prevalence of cigarette smoking ( Table 2 ). The population average intake of fibre, P-carotene, vitamin C and vitamin E was unrelated to 25-year mortality rates from CHD (Table 2) .
DISCUSSION
In the present study, dietary data collected around 1960 were related to mortality from CHD during the subsequent 25 years. The chemical analyses of alcohol, fibre and antioxidant vitamins were carried out 25 years later in equivalent food composites representing the average food consumption pattern of each cohort. This delay could have biased the estimate of average population intake of the different dietary variables. However, strong correlations were observed between fatty acid determinations carried out 25 years apart. 1 We suspect that alcohol, fibre and vitamin content of foods and beverages probably did not change much over the 25 years. Therefore we believe that the results of the chemical analyses carried out in 1987 and 1988 are probably a good indicator of the average population intake of these variables at the beginning of the Seven Countries Study.
In studying the relations between dietary variables and long-term CHD mortality it is important to know what changes occurred in the intake of these variables over the 25-year period. Chemical analyses of food composites were not carried out repeatedly during 25 years of follow-up. However, results of analyses using food balance sheet data from 1961-1965 and 1975-1977 of the seven countries showed strong correlations for the relevant foods (e.g. alcoholic beverages, fish, cereals, vegetables, fruits, and fats and oils). 10 These results 
FIGURE 2 Relation between fish intake at baseline and 25-year mortality from coronary heart disease
suggest that the relative position of the cohorts in the distribution of different foods was maintained. Therefore, the average intake of chemically-determined dietary variables in the equivalent food composites represent the average food consumption pattern at baseline and can be used for studying associations with long-term CHD mortality rates. The strength of the present study is the standardized methodology for data collection and the prospective design. The weakness is that only 16 cohorts were included in the study with limited possibilities for multivariate analyses. The small number of cohorts may also influence the stability of the associations. In such situations the selection of cohorts is of utmost importance. In the Seven Countries Study, qualitative differences in dietary patterns between the cohorts in the late 1950s formed the primary reasons for their selection. The large differences in food and nutrient intake between the cohorts made the Seven Countries Study apppropriate for determining diet-disease associations at the population level.
In the present study, an inverse association was observed in univariate analysis between population average alcohol intake and 25-year mortality rates from CHD. In analyses using food balance sheet data from 18 and 21 developed countries, a similar inverse association was observed and mainly attributed to the consumption of wine. 3 ' 20 In an analysis using 40 countries at different stages of economic development it was shown that this association was only present in countries with a high saturated fat and dietary cholesterol intake (e.g. in economically developed countries). 6 These results suggest that alcohol intake is inversely related to CHD mortality in univariate analysis in economically developed countries.
In the present study, the association between alcohol intake and CHD mortality disappeared after multivariate analysis because of an inverse relation between saturated fatty acids and alcohol intake. In the 18-country-study of St Leger et al. alcohol, in contrast to fatty acids, remained inversely related to CHD mortality. 3 Multivariate analyses carried out by Criqui and Ringel and by Renaud and De Logeril showed that wine was inversely related to CHD mortality whereas animal and dairy fat were positively associated. 20 ' 21 The heterogeneity of the results after multivariate analysis may result from a number of factors. The number and selection of countries differed between the different studies. The present study is the only one that is truly prospective. Dietary data were collected in random samples of cohorts of men followed for 25 years. Population average intake of different nutrients was chemically determined in one laboratory. In the other studies, food balance sheet data were used. These data represent the availability of foods per country and not the foods actually consumed and cannot be broken down by age, gender or socioeconomic status. Fatty acid intake was calculated from food tables, 36 or dairy fat was used as a proxy for saturated fat. 21 Probably for these reasons a stronger association was found between saturated fatty acids and CHD mortality in the present study than in the other cross-cultural studies. Finally, full multivariate models that included saturated fatty acids, cigarette smoking and dietary antioxidants were not used in the other studies.
Comparisons between Eskimos and Danes suggest that differences in population CHD mortality rates may be explained by differences in seafood consumption. In a cross-cultural study including 21 developed countries, a weak inverse relation was observed between fish consumption and CHD mortality. 4 This association disappeared when adjustment was made for milk products and meat, which are indicators of saturated fat intake. Similar results were obtained in the present study. The
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inverse relation between fish consumption and CHD mortality disappeared when saturated fatty acids, flavonoids and smoking were included in the multivariate model. Fish consumption was inversely associated with saturated fatty acids and positively with flavonoid intake and smoking. These results suggest that fish consumption is not important in explaining differences in CHD mortality rates between countries.
In univariate analyses using food balance sheets and mortality data for 40 countries at different stages of economic development, a strong inverse relation was observed between vegetable food consumption and CHD mortality (r = -O.80). 6 In this study, and also in a cross-cultural study using food balance sheet data for 20 economically developed countries, inverse associations were found between dietary fibre intake and CHD mortality.
3 ' 6 In the present study dietary fibre intake was not associated with CHD mortality in either uni-or multivariate analysis. This may be for reasons similar to those mentioned in the discussion on the association between alcohol intake and CHD mortality.
In univariate analysis an inverse relation was found between vitamin E intake and mortality from CHD in the 40 countries study. 6 Also a strong inverse relation was observed between the per capita vitamin E consumption and CHD mortality in 17 European countries. 23 Plasma vitamin E levels were inversely associated with mortality from CHD in 16 European countries participating in the WHO MONICA project. 24 In the present study the intake of antioxidant vitamins including vitamin E was not associated with long-term CHD mortality either in uni-or multivariate analysis. Several facts may explain these different results. Firstly, the use of food balance sheet data to estimate vitamin E intake is less reliable than chemical analysis of equivalent food composites. Secondly, plasma vitamin E is only weakly related to vitamin E intake. 25 Thirdly, potential confounders (e.g. saturated fatty acids, flavonoids intake and cigarette smoking) were not sufficiently taken into account. The results of the present study suggest that flavonoids are more important than vitamin E in explaining differences in CHD mortality between countries. However, based on the results of other cross-• cultural studies the role of vitamin E in explaining differences in CHD mortality rates cannot be ruled out.
The results of the Seven Countries Study have shown that cross-cultural differences in CHD mortality can largely be explained by differences in the intake of saturated fatty acids, flavonoids and smoking.
2 This is in agreement with current thinking about the aetiology of CHD, the 'final complication' of the athero-thrombotic process. Saturated fatty acids with 12-16 carbon atoms elevate low density lipoproteins (LDL) 26 and may down-regulate the LDL receptor. 2728 In turn, these lipoproteins can be oxidized by cigarette smoking. 29 There is evidence from in vitro studies that vitamin E and flavonoids may inhibit LDL oxidation. 30 -31 Saturated fatty acids with 14 or more carbon atoms may promote arterial thrombosis. 32 There is some evidence that flavonoids influence the cyclo-oxygenase enzyme cascade and therefore arterial thrombosis. 33 This suggests that a lifestyle characterized by a high intake of saturated fatty acids, a low intake of antioxidants, and a high prevalence of smoking, will promote the development of athero-thrombotic complications.
This does not mean that alcohol, fish and fibre are unimportant in the aetiology of CHD. These dietary variables have been shown to be important determinants of CHD in individuals, 34 " 36 though they do not explain population differences in CHD. The effects of alcohol and fish were correlated with those of saturated fatty acids and flavonoids. Fibre was not associated with CHD mortality either in uni-or multivariate analyses. These results support the point made by Rose that determinants of diseases at the individual level are not necessarily the same as those at the population level.
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The results of the Seven Countries Study show that low mortality rates from CHD occur with different diets. The most prominent examples are the Mediterranean and Japanese diets. Both of these eating patterns are low in saturated fatty acids and high in antioxidants. In the classical Mediterranean diet, wine and fish are used in moderation. 38 In the Japanese diet fish plays an important role, but fish is not a panacea as illustrated by Eastern Finland. The average fish intake of Finnish men was 60 g/day, but they had the highest mortality rate from CHD presumably due to a high saturated fatty acid intake, a low intake of antioxidants, and a high prevalence of smoking. Non-smoking and a healthy diet are prerequisites for low rates of CHD. and especially to Ancel Keys for his initiative and efforts in carrying out the study for more than 25 years.
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